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I. INTRODUCTION 

This document descr ibes  the format which STL intends to use in  the 

publication of RTDP Issue 4 as provided by subcontract No. 10001, Amendment 

No. 3 f r o m  Bellcomm, Incorporated. Issue 4 is to  contain five Apollo t ra jec-  

t o ry  simulations and supporting mater ia l  presented in a manner similar to  that 

of references 1 through 4. In general ,  the format  of Issue 4 will be the same 

as re ferences  1 through 4, multiplied by five, except with respec t  to  the spe-  

cific revisions suggested below. 

11. GENERAL ORGANIZATION 

Issue 4 will be published as a set  of twenty, permanent-bound, confidential 

volumes. Each t ra jec tory  will be comprised of four volumes. Tra jec tory  No. 1, 

for example, wi l l  be presented as follows: 

Volume 1A - Summary and Reference Tra jec tory  No. 1 
Data Exhibits 

Volume 1B - Printout Keys and Reference Trajectory 
No. 1 Listing (Ear th  Launch to  LEM Final 
Des cent) 

Volume 1C - Reference Trajectory No. 1 Listing (LEM 
Final Descent to Ea r th  Reentry) 

Volume 1D - Reference Trajectory No. 1 Listing 
(Reentry) 

Tra jec tory  No. 2 will begin with Volume 2 and so on. 

111. SPECIFIC ORGANIZATION 

1. The Volume A Series  

Each Volume xA will contain a n  introduction followed by five major 

The introduction will provide a general  qualitative description of the sections. 

t ra jec tory  under consideration and its important features  wil l  be highlighted. 

Section 1: Mission Profile - This section will be devoted to  the same  

mater ia l ,  which will be presented in the same format ,  as pp. 4-20 of re ference  

1. This section contains descriptions,  in some detail,  of the major mission 
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phases with r ega rd  to  the behavior of the t ra jec tory  being documented. 

subsections a r e  designated 1. 1 through 1. 8. 
Eight 

Section 2: Sequence of Trajectory Events - This section will be identi- 

cal  to pp. 21-27 of reference 1 with respect to  format. It will consist of a single 

table noting the t ime (reckoned three  ways) of t ra jec tory  events and a description 

of those events. 

as day, month, year ,  hours minute, and second (at leas t  to the neares t  tenth). 

The second t ime base will be total  elapsed t ime in minutes f r o m  lift-off at Cape 

Kennedy. The third t ime base will usually be the elapsed t ime of a major mis- 

sion phase. Time in this mode is initialized with each major phase. 

parameter  his tor ies  given in section 5 w i l l  generally use this last method of r e -  

porting time. 

The first t ime base wil l  be Greenwich Mean Time (GMT) given 

Tra jec tory  

Section 3: Summary of Input Information - This section will contain 

the same mater ia l  as in section 3 of reference 1 except subsection 3. 3. 4 thereof 

which wi l l  be incorporated in section 4. 

se t  forth all numerical  data used as inputs to  the t ra jec tory  simulation such as 
vehicle and spacecraf t  weight and propulsion data,  aerodynamic data, tracking 

network information, astrodynamic constants, a lunar ephemeris covering the 

t ime interval of each t ra jectory,  and general sys t em constraint  data. 

pated that, with the exception of the lunar ephemeris ,  the data presented in this 

section will be the same  for all t ra jector ies .  

xA for  convenience of reference.  

The summary  of input information will 

It is antici-  

It wi l l  be repeated in each Volume 

Section 4: Mission Constraints and Analvsis - This section will con- 
~ 

ta in  two specialized subsections: mission constraints and t ra jec tory  selection, 

and powered flight optimization. Since Issue 4 re ference  t ra jec tor ies  a r e  to  be 

designed respecting a number of mission constraints and groundrules, the first 

subsection will discuss  these with regard t o  the included t ra jectory.  Insofar as 
practicable,  data wi l l  be presented to  show the effects on constraints of having 

chosen other values for the free  t ra jectory variables.  These data wi l l  be of the 

nature  of f i r s t -order  tradeoff coefficients and will hopefully give some perspec-  

t ive to  the particular mission profile being documented. 

attempt to summarize t ra jectory selection information such as launch windows, 

This subsection w a l  
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velocity and/or  propellant requirements,  lunar landing s i te  accessibil i ty,  LEM 

plane change res t r ic t iveness ,  and the t ransear th  t ra jec tory / reent ry  maneuver 

angle /ear th  landing site interaction. 

subsection, the documented t ra jec tory  may have been chosen deliberately to  il- 

lustrate  the effects of a "bad" choice of mission plan compared to a more  favor- 

able selection for the same mission objective. In the l a rge r  sense,  the package 

of five t ra jec tor ies  wil l  attempt to  demonstrate the effects of gross  changes in 

mission plan such as f r e e  r e tu rn  versus non-free return.  

As an  example of the general  intent of this 

Each powered flight phase of the t ra jec tory  will be optimized (mini-  

mum propellant consumption) within propulsion sys tem constraints and mission 

objectives. Therefore ,  a subsection will  be devoted to  reporting these resu l t s  

even though the separa te  optimizations a r e  not likely to  change f rom t ra jec tory  

to  t ra jectory.  

Section 5: Reference Trajectory Data  Exhibits - This section will be 

It will contain eight subsec- essent ia l ly  identical with section 5 of reference 1. 

tions of plots, usually versus  t ime,  of many t ra jec tory  parameters  plus a d is -  
crete events table summarizing fC-; ...-----&--- -f --..I- t - - : - - tAW.-  rui C L A A A G ~ ~ A  u VI ~ U C A A  F A  A A A C A ~ U I  b~ U J U ~ C Y I  I 

phase. 

t o  those in sections 5, 7, and 8 of reference 1. 

At the present  t ime, the following functions wi l l  be plotted in addition 

a) In all f ree  flight phases except ear th  parking 
orbit  and reent ry  (subsections 5. 3 through 
5. 7): 

i j 

2) 

Sun-vehicle -moon angle ver BUS iinie 

Sun-vehicle -earth angle ve r sus  t ime 

b) In the LEM descent and ascent phases ( sub-  
section 5. 5): 

1) 

2) 

3) 

LEM ascent plane change requirement  
ve r sus  t ime 

Azimuth of sun f rom landing site ver  - 
sus  t ime 

Elevation of sun f rom landing site 
versus  t ime 
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The majori ty  of these functions will be machine plotted in contrast  t o  the hand- 

drawn method used in reference 1. A sample of a machine plotted graph is in- 

cluded as figureIII- 1. As necessary, notes will be added t o  these plots to  make 

them at least  as complete as before. 

Volume xA wil l  conclude with a list of re ferences  for data used in the 

t ra jec tory  selection and simulation. 

2. The Volume B Ser ies  

Each Volume xB will contain an introduction to  the reference t ra jec-  

to ry  printout, a printout symbol list and definitions thereof, and approximately 

one-half of the reference t ra jec tory  printout. 

The introduction will highlight some of the quantitative charac te r i s  - 
t ics  of t ra jec tory  ( see  reference 2). 

The printout symbol list provides the general  layout of the re ference  

t ra jec tory  printout according to the applicable t ra jec tory  phases. 

symbol gr id ,  definitions of all quantities a r e  described and, as needed, f igures 

a r e  included for clarification. 

u r e s  is provided at the end of this document. 

new symbol format  contains additional functions to  assist in evaluation of ad- 

herence to  the cur ren t  set  of t ra jec tory  constraints plus some quantities which 

may be of general  interest  (e.g., eclipse of the spacecraf t  by the moon). 

o r  re located functions a r e  indicated by an aster isk.  

Following the 

A tentative symbol list with definitions and f i g -  

Compared with reference 2, the 

New 

The t ra jec tory  listing concluding this volume begins at lift-off and will 

tentatively end at the point where the LEM begins the powered descent f r o m  

50,000 feet  to  the lunar surface. Approximately eleven tab dividers will be in- , 
se r t ed  to  assist in rapid location of particular t ra jec tory  phases. 

3. The Volume C Ser ies  
I 

I Each Volume XC will continue the t ra jec tory  l ist ing to  the r een t ry  
I 

I 
point and will thus include all of reference 3 and most of reference 4. 

mately six  tab dividers will be provided. 

Approxi- 
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4. The Volume D Series  

Each Volume xD will contain the r een t ry  t ra jectory listing. Reentry 

will be simulated according t o  the simple l i f t  management through ro l l  control 

scheme developed for RTDP Issue 2. 

REFERENCES 

STL Report, "Lunar Orbit Rendezvous Reference Trajectory Data Package 
-- Issue 2," dated 30 September 1963. 

1. Volume 1 - Document No. 8408-6023-RC-000 
-. 7 T.rdurne 2 - h x ~ r ~ e ~ t  Na.  8408-6024-RC-000 
3. Volume 3 - Document No. 8408-6025-RC-000 
4. Volume 4 - Document No. 8408-6026-RC-000 
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COORDINATE SYSTEMS 

Geocentric, X-Y- Z 

Inertial, right-handed orthogonal system with the or igin at the center  

of the ear th  and oriented such that the X-Y plane contains the ea r th ' s  t rue  

equator of date, the positive X axis points in the direction of the t rue  vernal  

equinox of date, the Z axis coincides with the ear th ' s  spin axis ,  and the Yaxis  

completes the right-handed system. 

Selenocentric, X-Y- Z 

Inertial, right-handed, orthogonal sys tem with the origin at the center  

of the moon and oriented such that the X-Y plane is paral le l  to the ear th ' s  t rue  

equator of date, the positive X axis  points in the direction of the t rue  vernal  

equinox of date, the Z axis  i s  parallel to  the ea r th ' s  spin axis ,  and the Y axis 
completes the right-handed system. 

SelenonraDhic. X- Y- Z 

Right-handed, orthogonal system with the origin a t  the center of the 

moon and the coordinate axes fixed in the moon such that the X-Y plane con- 

tains the moon's equator, the positive X axis passes  through the Sinus Medii . 

(Central  Bay) on the lunar surface,  the Z axis  coincides with the moon's spin 

axis ,  and the Y axis  completes the right-handed system. 

ToDocentric launch site fixed. UL-VL- WL 
- 

. .  . .  Right-handed, G ~ ~ ~ G ~ G X X L !  system in ~f . , i~k ;  the origin coinzlies with 

the launch site, the positive U L  axis  extends downrange in  the direction of 

the launch azimuth, the positive V L  axis extends to the left in a direction 

orthogonal to the downrange direction, and the positive W L  axis  extends up- 

ward in  thedirect ion of the astronomical ver t ical ,  the UL-VL plane thus being 

coincident with the plane of the astronomical horizon. 

Topocentric inertial, PXG- PYG- PZG 

Right-handed, orthogonal system fixed in  iner t ia l  space and oriented 

such that the system coincides with the above defined UL-VL-WL system at 

the instant of liftoff. 

14 



Vehicle Fixed 

Right-handed, orthogonal system fixed in the vehicle and oriented 

such that the thrust  vector is aligned along the positive roll  axis and the 

pitch and yaw axes  complete the right-handed system as defined i n  Figure 

Note that the positive directions of pitch, yaw, and roll  a r e  defined, 

CSM centered relative, XCL-YCL- ZCL 

Left-handed, orthogonal system centered at the CSM and oriented 

such that the positive ZCL axis points in  the outward radial  direction of the 

selenocentric radius vector to the CSM, the positive XCL axis  l ies  i n  the 

CSM orbi ta l  plane and is oriented 90 degrees  ahead of the positive ZCL 
axis in  the direction of orbital  motion of the CSM, and the positive YCL 

axis is normal to the CSM orbital  plane and completes the left-handed sys- 

tem. The relative coordinate system and the angles measured therein a r e  

defined in  Figure 2. 

Target  centered, S- T- R 

Right-handed, orthogonal system with the origin at the center  of the 

ta rge t  body and oriented such that the positive S axis  points in  the direction 

of the velocity vector f r o m  infinity, Vm; the T axis is the intersection of 

the moon's orbit  plane and the plane which contains the center of the target  

body and which is normal to the S axis, the positive sense of which is defined 

by Z 3 x w, where w points i n  the direction normal to the moon's orbi t  
;;?==e; and the positive R axis completes the right-handed system through 

the relationship, 5 s x T as defined i n  Figure 3. 

Greenwich inertial. X- Y- 2 

Inertial ,  right-handed, orthogonal system with the origin a t  the center  

of the ea r th  and oriented such that the X-Y plane contains the ea r th ' s  t rue  

equator of date, the positive X axis passes through the Greenwich meridian 

at the instant of liftoff, the Z axis  coincides with the ea r th ' s  spin axis ,  and 

the Y axis completes the right-handed system. 

15 



DEFINITION SYMBOL 

A 

AAA W e  

AAAY ’* 

AAA T 

ACL 

ACSM 

ADEN 

ADH 

ALIN 

ALT 

AMIS 

ANGR 

APOG 

Orbital semi  major axis (feet). 

Pitch angle of attack, measured in  the vehicle fixed 
coordinate system f rom the positive roll  axis  to the 
relative velocity vector projected into the pitch plane, 
measured negative in  the direction of the positive yaw 
axis  (degrees). 

Yaw angle of attack, measured in  the vehicle fixed 
coordinate system f rom the positive roll  axis to the 
relative velocity vector projected into the yaw plane, 
measured negative in the direction of the positive pitch 
axis (degrees). 

Total angle 01 attack, the in-plane angle measured in t h e  
vchiclc fixed coorriinatc systrwi from the positivcx roll 
axis  to the relative velocity vector (degrees).  

Azimuth of the relative range vector f rom the CSM to 
the LEM, measured in  the XCL-YCL plane clockwise 
f r o m  the positive XCL axis to the projection of the rela-  
tive range vector upon the XCL-YCL plane (degrees). 
See  Figure 2. 

Central angle between the selenocentric radius vectors  
to the LEM and CSM (degrees). 

Air  density (slugs per cubic foot). 

Q VA* dt; aerodynamic heating (pounds per foot). 
.4 / 
Right ascension (longitude) of the velocity vector f r o m  
infinity in the selenocentric (selenographic) coordinate 
system (degrees). 

Altitude above the reference ellipsoid of the central  body 
along the radius vector (feet). 

Azimuth f rom north of the vehicle roll  axis projectea 8pr 
a plane normal to the radius vector (degrees). 

Central angle f rom the current  vehicle position to the 
launch (target)  si te (degrees). 

Apofocal altitude above the reference ellipsoid of the cen- 
t r a l  body along the radius vector to the apofocus (nautical 
miles).  

16 



SYMBOL 

A PSI 

ARCL 

ARGP 

ASND 

ASPM 

ATEM 

ATLI 

AXG AYG} 

AZG 

AZLO 

AZR 

AZS 

AZVA 

AZVI 

B* 

B* T* 

DEFINITION 

Atmospheric pressure  (pounds per square inch). 

Osculating orbital argument of latitude (degree s). 

Osculating orbital argument of perifocus (degrees). 

Right ascension of the ascending node in geocentric and 
selenocentric print block, longitude of ascending node 
in  selenographic print block (degrees). 

Average specific impulse per pr imary stage (seconds). 

Ai r  temperature (degrees Rankine). 

Attitude angle between the local radius vector and the 
vehicle roll  axis (degrees). 

Components of the total acceleration vector in  the topo- 
centric inertial coordinate sys tem (feet per second per 
s e cond). 

Required LEM launch azimuth, measured positive 
clockwise from north (degrees). See Figure 4. 

Azimuth of the r ada r  -to-vehicle line-of-sight projected 
on a plane normal t o  the astronomic vertical  at the r ada r  
s i te ,  measured clockwise f rom north (degrees).  

Azimuth from north of the selenocentric radius vector 
to the sun projected onto a plane normal to the radius 
vector to the landing site (degrees). 

Azimuth from north of the relative velocity vector pro- 
jected o n a  plane normal to the radius vector (degrees). 

Azimuth from north of the inertial  velocity vector pro- 
jected on a plane normal  to the radius vector (degrees). 

Magnitude of the impact parameter  vector (feet). 

Component of the impact parameter  vector along the 
T axis in  the target centered STR coordinate system (feet). 

'+ See Figure 3. 
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D E F  INIT IO N 

I 

SYMBOL 

B* R* 

BAVST 

BODY CONIC 

CRIP 

CSM IS (NOT) 
VISIBLE 

DAZR 

DCA 

DECL 

DELI 

t 

DELR 

DLIN 
1 

t DPR 

DQR 

DRG 

DRCL 

Component of the impact parameter  vector along the 
R axis  in  the target centered STR coordinate system(feet) .  

Body-axis-vehicle-star angle, i.e., the look angle mea-  
sured  f rom the positive roll  axis of the vehicle to the 
radius vector f r o m  the vehicle to the given s t a r  (degrees).  

A two part  orbit description where the first part (BODY) 
s ta tes  the celestial body around which the elements block 
has  been computed and the second part (CONIC) s ta tes  
the type of conic characterizing the vehicle trajectory. 

Circular range f rom the current  vehicle position to the 
analytical instantaneous impact point (nautical miles). 

Statement that the CSM is o r  is not visible f r o m  the 
LEM. 

Radar azimuth rate  (degrees per second). 

Distance of closest approach of the vehicle to the center 
of the target  body (feet). 

Declination, the angle between the radius vector and the 
ear th ' s  equatorial plane, positive northward (degrees). 

LEM ascent plane change requirement; the minimum 
grea t  c i rc le  a rc  distance f rom the CSM parking orbit  
plane to the landing (launch) site, measured positive 
t~ the north (degrees) .  See Figure 4. 

Radar elevation ra te  (degrees per  second). 

Declination (latitude) of the velocity vector f rom infinity, 
in the selenocentric (selenographic) coordinate system, 
positive northward (degrees).  

This quantity is not being computed. 

This quantity is not being computed. 

Axial aerodynamic force on the vehicle (pounds). 

Time derivative of the slant range measured in  the CSM 
centered relative coordinate system, positive increasing 
(feet per second), See Figure 2. 

' x  See E'igure 3. 
18 



DEFINITION SYMBOL 

DRGR 

DW L 

DVI 

DVV 

DW T 

EARTH IS (NOT) 
VISIBLE 

ECC 

E C L  

(NOT) 
ECLIPSED 

ECSM 

ELAT 

Time derivative of the slant range f rom the radar  s i te  
to the vehicle.(feet per second). 

Components of the vehicle velocity vector measured in  
the topocentric launch site fixed coordinate system 
(feet per second). 

Magnitude of all accelerations except gravity (feet per 
second per second). 

Magnitude of the total acceleration vector (feet per sec-  
ond per second). 

Total weight flow rate  (pounds per second), 

Statement that the ear th  is  or is not visible f rom 
the vehicle. 

0 s culat ing or bit a1 e c c e nt r ic  it y. 

Elevation angle of the relative range vector f r o m  the 
CSM to the LEM, measured in the XCL-ZCL plane, 
i. e. , the orbit plane of the CSM, clockwise f rom the 
positive ZCL axis to the projection of the relative range 
vector upon the XCL- ZCL plane (degrees). See Figure 2. 

Statement that the vehicle either is  o r  is not eclipsed by 
the pr imary body, ( tes t  procedure for ear th  eclipse: 
1. If X P  is positive, vehicle cannot be eclipsed, and the 
tes t  i s  cc;r,c!udzd. 2. Lc X P  is negative, vehicle ixiay be 
eclipsed, and the test  proceeds to a n  examination of Y P .  
3. 
eclipsed. 4. If X P  is negative and Y P  i s  negative, vehicle 
i s  eclipsed). 

Elevation angle of the relative range vector f rom the LEM 
to the CSM with respect to the sensible horizon of the 
LEM, positive upward (degrees).  

If X P  is negative and Y P  is positive, vehicle is not 

Geocentric latitude of the vehicle, measured from the 
plane of the  ecliptic, positive when the vehicle is on the 
same side of the ecliptic plane as the ecliptic north pole, 
and negative when on the opposite side (degrees). 
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SYMBOL 

I 

E L K  

ELON 

I 

E L R  

ELS 

E M V  

E V S T  

ETY "'"1 
ETZJ 

E V S  

F N  

FPVA 

F P V I  

IDVL 

DEFINITION 

Earth look angle, i .c. ,  thc angle between the positive roll  
axis of the vchiclc and the gcocentric radius  vector t o  the 
vchiclc (degrees). 

Geoccntric longitudc of the vehicle, measured in the plane 
of thc ecliptic, positive countcrclockwise f rom the Y' axis,  
i. e .  , f rom the axis  lying in the planc of the ecliptic and 
forming an  orthogonal coordinate sys tem with the ecliptic 
north polar axis, Z ' ,  and the X' axis which extends posi- 
tively along the vector f rom the geoccnter to the helio- 
center (degrees). 

Elevation angle of the vehicle f rom the radar  s i te  measured 
f rom the astronomic horizontal, positive upward (degrees).  

Elevation angle of, the sun with respect  to  the local horizon 
of the landing s i te ,  positive upward (degrees).  

Earth-moon-vehicle angle, i .e. ,  the angle subtended a t  
the moon by the vectors from the moon to  the ear th  and 
vehicle (degrees). 

. 

Earth-vehicle-star angle, i.e., the angle subtended a t  the 
vehicle by the radius vectors f rom the vehicle to  the given 
s ta r  and to  the geocenter (degrees) .  

Components of a unit vector along the vehicle positive yaw 
axis in the X, Y ,  Z directions respectively, measured in  
t h e  Greenwich inertial  coordinate system. 

Earth-vehicle-sun angle, i. e . ,  the angle subtended at the 
vehicle by the vectors f rom the vehicle to  the sun and 
ear th  (degrees). 

Magnitude of the aerodynamic forces  normal to the vehicle 
rol l  axis (pounds). 

Flight path angle, measured positive upward f r o m  the 
local horizontal to the relative velocity vector (degrees),  

Flight path angle, measured positive upward f r o m  the 
local horizontal to thc inertial  vclocity vector (degrees). 

Ideal velocity pcr pr imary stage (feet per second). 
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SYMBOL DEFINITION 

I INC L 

LAP 

LAPP 

L A Y  

LFTN 

LFTL 

LONE 

LON1 

LONM* 

LONS 

LTDE 

LTDI 

MA 

MACH 

Osculating orbital inclination with respect  to  the reference 
equatorial plane of the specific coordinate sys tem (degrees).  

Angle between the vehicle ro l l  axis and the r ada r  -to-vehicle 
line-of-sight projected on the pitch plane, positive i f  the 
vehicle nose is  above the line-of-sight (degrees).  

This quantity is not being computed. 

Angle between the vehicle ro l lax is  and the radar-to-vehicle 
line-of-sight projected on the yaw plane, positive if  the 
vehicle nose i s  to  the right of the line-of-sight (degrees). 

Aerodynamic force normal to drag  and in  the plane of the 
radius and relative velocity vectors  (pounds). 

Aerodynamic force in  direction defined by c r o s s  product 
of normal  force vector into the drag vector (pounds). 

Selenographic longitude of the ear th  (degrees).  

Longitude of the analytical instantaneous impact point 
measured positive eastward (negative westward) f r o m  
the zero meridian in  the equatorial plane of the reference 
body (degrees). 

Longitude of the vehicle position measured positive east-  
ward  (negative westward) f r o m  the zero meridian in the 
equatorial plane of the reference body (degrees).  

Selenographic longitude of the sun (degrees).  

Selenographic latitude of the ear th  (degrees).  

Geodetic (selenographic) latitude of the analytical instan- 
taneous impact point (degrees). 

Geodetic (selenographic) latitude of the vehicle position, 
measured positive northward (degrees) .  I 

Mean anomaly (degrees).  

Mach number. 
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DEFINITION SYMBOL 

MEV 

MVST 

MVE 

I 

OPCL 

PAT 

PERD 

PERG 

PIC H 

PZG 

Q 

QAL 

R 

Moon- earth-vehicle angle, i. e. , the angle subtended 
a t  the earth by the vectors f r o m  the ear th  to the moon 
and vehicle (degrees). 

Moon-vehicle-star angle, Le., the angle subtended a t  the 
vehicle by the radius vectors f r o m  the vehicle to the given 
s ta r  and to the selenocenter (degrees) .  

Moon-vehicle-earth angle, i. e . ,  the angle subtended a t  
the vehicle by the vectors f r o m  the vehicle to the moon 
and earth (degrees). 

Out-of-plane angle of the relative range vector f rom the 
CSM to the L E M  with respect  to the XCL- ZCL plane, 
i. e. , with respect to the orbit  plane of the CSM, meas-  
ured f r o m  the orbit plane to the relative range vector,  
positive when relative range vector l ies  on the same side 
of the orbit  plane a s  the positive YCL axis (degrees). 
See Figure 2. 

Vehicle pitch attitude, measured in the topocentric 
inertial  PXG- PYG- PZG Coordinate system, f rom the 
positive PZC axis to the projection of the vehicle's roll  
axis  onto the PXG-PZG plane, positive in  the direction 
of the launch azimuth (degrees).  

Keplerian orbital period, derived from osculating semi-  
major axis (minutes). 

Perifocal altitude above the reference ellipsoid of the cen- 
t r a l  body along the radius vector to the perifocus (nautical -. **&;le s:. 

Rate of rotation about the pitch axis, positive downward 
(degrees per second). See Figure 1. 

Components of the vehicle position in  the topocentric 
inertial  coordinate system (feet). 

Dynamic pressure (pounds per square foot). 

Product of the dynamic pressure  and the total angle of 
attack (degree-pounds p e r  square foot). 

Magnitude of the radius vector (feet). 

2 2  



SYMBOL D E F 1 NIT ION 

Distancc f r o m  the launch ( target)  si te to the vehicle 
position projected to the surface of the sphere (nautical 
mile 6). 

RANG 

RASC 

RAT 

RCL 

RDR nn 

RGR 

RIA1 

RLA2 

R U T  

ROLL 

SEM 

SLK 

Right ascension of the vehicle, positive eastward (degrees).  

Vehicle roll  attitude, measured in the topocentric inertial  
PXG- PYG- P Z G  coordinate system, f rom the negative 
PXG axis  to the projection of the vehicle's yaw axis onto 
the PXC-PYG plane, positive to the left of the downrange 
direction (degree s ). 

Magnitude of the range vector f rom the CSM to  the LEM,  
measured in the CSM centered relative coordinate system 
(feet), See Figure 2. 

The last  two characters  of this symbol state the radar  
number and a r e  followed by a description of the radar  site. 

Slant range from the radar  si te to the vehicle (feet). 

Angle between the vehicle roll  axis and the radar  line-of- 
sight(degrees). 

Angle between the vehicle yaw axis and the radar  line-of- 
sight projected on the roll plane. F r o m  the r e a r  of the 
missi le  the angle is  measured clockwise f r o m  the posi- 
tive yaw axis (degrees). 

Roll attitude. Angle between the projection of the inertial  
position vector onto the roll  plane and the positive yaw 
axis ,  positive 0 to 180 if  the projection i s  clockwise f rom 
yaw axis, negative 0 to 180 i f  counterclockwise (degrees). 

Rate of rotation about the roll  axis,  positive counter- 
clockwise (degrees per second). Scc Figure 1. 

Sun-earth-moon angle, i. e. , the angle subtended at  the 
ear th  by the vectors f rom the ear th  to the sun and moon 
(degrees).  

Sun look angle, i. e .  , the angle bctwcen the positive roll  
axis  of the vehicle and tlic hcliocentric radius vector to 
the vehicle (degrees). 
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DEFINITION SYMBOL 

SME 

SVST 

SS 

’ STAR 

SVM 

T 

TA 

TCA 

T F F I  

THIN 

TIMP 

T L K  

Sun-moon-earth angle, i. e. , the angle subtended a t  the 
moon by the vectors f rom the moon to the ear th  and sun 
(degrees). 

Sun-vehicle-star angle, i.e., the angle subtended at  the 
vehicle by the radius vectors f rom the vehicle to the given 
s ta r  and to the heliocenter (degrees).  

Speed of sound (feet per second). 

Name of given star. 

Sun-vehicle-moon angle, i. e . ,  the angle subtended at the 
vehicle by the vectors f rom the vehicle to the sun and 
moon (degre.es). 

Present  time, specified in  four ways: first, as  day, 
month, year,  hour, minute, and second, Universal Time; 
second, as the time interval (TMST) f rom liftoff, in sec- 
onds; third,  as  Julian Date (J. D. ); and fourth, as days, 
hours, and minutes f rom liftoff. 

True anomaly (degrees). 

Time interval from the t ime of injection into the t ransfer  
orbit  to the time a t  which the vehicle reaches i t s  point of 
closest  approach to the center of the target body(minutes). 

Angle between the selenocentric radius vector to the 
vehicle and the vector which passes through the seleno- 
center and i s  -parallel to the velocity vector f rom infinity, 
V (degrees). 

Angle between the selenocentric radius vector to perifocus 
of the t ransfer  orbit and the vector which passes through 
the selenocenter and is  parallel  to the velocity vec tor f rom 
inf initylVm (degree s)  . 
Time interval f rom the cur ren t  t ime to the analytical 
instantaneous impact (seconds). 

00 

Target look angle, i. e .  , the angle between the positive 
roll  axis  of the vehicle and the target-centered radius 
vector to the vehicle (degrees). 
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SYMBOL DEFINITION 

TMFL 

TPSE 

WL 

VA 

VA PG 

VAT 

VEDC 
(VSDC, 
VTDG) 

Time of flight, i. e. , the time interval f rom injection 
into the t ransfer  orbit to the present t ime (minutes). 

Total impulse per stage (pound seconds). 

Components of the vehicle position vector measured 
in  the topocentric launch s i te  fixed coordinate system 
(feet). 

Magnitude of the relative velocity vector, measured in 
a body fixed coordinate system with the origin at the 
center  of the reference body and includirg the effects of 
any sensible atmosphere simulated in  the sys t em,  

Predicted velocity a t  apofocus (feet per second), 

Tangential component of relative velocity vector (feet 
per second), 

Declination of the ear th  (sun, target)  with respect to 
the vehicle centered coordinate system, i. e. , the 
coordinate system which is  congruent to the geocentric 
equatorial inertial coordinate system (referenced to 
t rue  vernal equinox of date),  but in  which the origin has 
been translated to the center of the vehicle (degrees). 

VEHICLE IS 
(NOT) ECLIPSED 

Statement that the vehicle is or is not within the umbral 
shadow cone of the moon. 

VERA Right ascension of the earth (sun, target)  with respect 
(VSRA, 
VTRA) (degrees).  

to the above defined vehicle centered coordinate system. 

V ES Vehicle-earth-sun angle, i. e . ,  the angle subtende'd a t  
the earth by the vectors f rom the earth to the vehicle 
and sun (degrees). 

VI Magnitude of the inertial  velocity vector (feet per second). 

VINF 

VIR 

in voo' Magnitude of the velocity vector f rom infinity, 
the selenocentric (selenographic) coordinate system (feet 
per second). 

Radial component of the inertial  velocity vector (feet per 
s e cond). 
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SYMBOL DEFINITION 

Inertial velocity a t  the re-entry altitude on the analytical 
prediction trajectory (feet per  second). 

VIRE 

VISN 

VIT 

VLGR 

VLML 

VMS 

VPER 

VVST 

VVEN 

Statement that the vehicle is  o r  is not visible to the earth, 
i. e. , is o r  i s  not occulted by the moon. 

Sensed velocity, 

Tangential component of inertial  velocity vector (feet 
per second). 

DVI dt  (feet per second). I 
Velocity loss  due to gravity (feet per second). 

Velocity loss  due to thrust  misalignment with respect  
to the inertial  velocity vector (feet per second). 

Vehicle-moon-sun angle, i. e . ,  the angle subtended a t  
the moon by the vectors f rom the moon to the vehicle and 
the sun (degrees), 

Predicted velocity at perifocus (feet per second). 

Velocity vector vehicle angle, i.e., the angle measured 
f rom the inertial velocity vector of the vehicle to  the 
radius vector from the vehicle to the given s ta r  (degrees).  

Vis viva energy, twice the total  energy per unit mass of 
the vehicle (feet squared per second squared). 

Components of the inertial  velocity vector (feet per 
s e cond). 

Coordinates of LEM velocity, measured in the CShf 
centered relative coordinate system (feet). See 
Figure 2. 

Components of the velocity vector in  the topocentric 
inertial  coordinate system (feet per second). 

Total vehicle weight (pounds). 
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SYMBOL 

XCL YCL} 

XIX xIy} 

ZCL 

XIZ 

X P  

YAT 

YAW 

YP 

DEFINITION 

Coordinates of LEM position, measured in the CSM 
centered relative coordinate sys tem (feet). See 
Figure 2. 

Components of a unit vector along the vehicle positive 
rol l  axis in  X, Y, 2 directions respectively, measured  
in the Greenwich iner t ia l  coordinate system. 

Components of the moonls position vector in  the geo- 
centric inertial  coordinate sys tem (feet). 

The component of the geocentric radius vector to the 
vehicle along the earth-sun line, i. e. the component 
along the vector f rom geocenter to  heliocenter, positive 
when the vehicle is between the ear th  and sun, and nega- 
tive when the vehicle i s  on the opposite side of the ear th  
f r o m  the sun (earth radii). 

Vehicle yaw attitude, measured in the topocentric 
inertial  PXG- PYG- PZG coordinate system, f r o m  the 
negative PYG axis to the projection of the vehicle 's  
pitch axis onto the PYG-PZG plane, negative in  the 
direction of the launch vertical  (degrees). 

Rate of rotation about the yaw axis, positive to the right 
(degrees per second). See Figure 1. 

Distance of the vehicle f r o m  the umbra of the pr imary  
body, measured along a normal  to the axis of the umbra l  
cone, positive when the vehicle is outside the umbra l  
cone (ear th  radii). 
as to whether the vehicle is eclipsed, the sign of Y P  is 
meaningful only when X P  is negative. ) 

( X ~ t e :  IB relatfo~: te the deterzxipition 
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YAW AXIS 

RElAflV E 
VELOCITY VECTOR 

PITCH 

bX \ 
AXIS P- 

ROLL AXIS 

NOTE: AAAP AND AAAY SHOWN IN THIS DIAGRAM 
ARE NEGATIVE; AAAT IS UNSIGNED. 

Figure 1. Vehicle  Fixed Coordinate Sys tem 
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Figure 2. CSM Centered Relative Coordinate System 
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